
Long-Term Outcomes in Patients With Muscle-Invasive
Bladder Cancer After Selective Bladder-Preserving
Combined-Modality Therapy: A Pooled Analysis of
Radiation Therapy Oncology Group Protocols 8802, 8903,
9506, 9706, 9906, and 0233
Raymond H. Mak, Daniel Hunt, William U. Shipley, Jason A. Efstathiou, William J. Tester, Michael P. Hagan,
Donald S. Kaufman, Niall M. Heney, and Anthony L. Zietman

See accompanying editorial on page 3787Raymond H. Mak, Brigham and
Women’s Hospital/Dana-Farber Cancer
Institute and Harvard Medical School;
William U. Shipley, Jason A. Efstathiou,
Donald S. Kaufman, Niall M. Heney,
and Anthony L. Zietman, Massachu-
setts General Hospital and Harvard
Medical School, Boston, MA; Daniel
Hunt, Radiation Therapy Oncology
Group Statistical Center; William J.
Tester, Albert Einstein Medical Center,
Philadelphia, PA; and Michael P. Hagan,
Veterans Health Administration,
Richmond, VA.

Published online ahead of print at
www.jco.org on November 3, 2014.

Supported by Radiation Therapy Oncol-
ogy Group Grant No. U10 CA21661 and
Community Clinical Oncology Program
Grant No. U10 CA37422 from the
National Cancer Institute.

Presented in part at the 2012 Genitouri-
nary Cancers Symposium, San Fran-
cisco, CA, February 2-4, 2012, and the
54th Annual Meeting of the American
Society for Radiation Oncology, Boston,
MA, October 28-31, 2012.

Clinical trial information: NCT00055601,
NCT00003930.

The contents of this article are solely
the responsibility of the authors and do
not necessarily represent the official
views of the National Cancer Institute.

Authors’ disclosures of potential
conflicts of interest are found in the
article online at www.jco.org. Author
contributions are found at the end of
this article.

Corresponding author: Raymond H.
Mak, MD, 75 Francis St, ASB1 L2,
Department of Radiation Oncology,
Brigham and Women’s Hospital/Dana-
Farber Cancer Institute, Boston, MA
02115; e-mail: rmak@lroc.harvard.edu.

© 2014 by American Society of Clinical
Oncology

0732-183X/14/3234w-3801w/$20.00

DOI: 10.1200/JCO.2014.57.5548

A B S T R A C T

Purpose
Multiple prospective Radiation Therapy Oncology Group (RTOG) protocols have evaluated bladder-
preserving combined-modality therapy (CMT) for muscle-invasive bladder cancer (MIBC), reserv-
ing cystectomy for salvage treatment. We performed a pooled analysis of long-term outcomes in
patients with MIBC enrolled across multiple studies.

Patients and Methods
Four hundred sixty-eight patients with MIBC were enrolled onto six RTOG bladder-preservation
studies, including five phase II studies (RTOG 8802, 9506, 9706, 9906, and 0233) and one phase
III study (RTOG 8903). Overall survival (OS) was estimated using the Kaplan-Meier method, and
disease-specific survival (DSS), muscle-invasive and non–muscle-invasive local failure (LF), and
distant metastasis (DM) were estimated by the cumulative incidence method.

Results
The median age of patients was 66 years (range, 34 to 93 years), and clinical T stage was T2 in 61%,
T3 in 35%, and T4a in 4% of patients. Complete response to CMT was documented in 69% of
patients. With a median follow-up of 4.3 years among all patients and 7.8 years among survivors (n �
205), the 5- and 10-year OS rates were 57% and 36%, respectively, and the 5- and 10-year DSS rates
were 71% and 65%, respectively. The 5- and 10-year estimates of muscle-invasive LF, non–muscle-
invasive LF, and DM were 13% and 14%, 31% and 36%, and 31% and 35%, respectively.

Conclusion
This pooled analysis of multicenter, prospective RTOG bladder-preserving CMT protocols dem-
onstrates long-term DSS comparable to modern immediate cystectomy studies, for patients with
similarly staged MIBC. Given the low incidence of late recurrences with long-term follow-up, CMT
can be considered as an alternative to radical cystectomy, especially in elderly patients not well
suited for surgery.

J Clin Oncol 32:3801-3809. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Although radical cystectomy (RC) remains the usual
treatment for muscle-invasive bladder cancer
(MIBC) in the United States, bladder-preserving
treatment strategies have evolved over the past 20
years with continued refinements in radiation ther-
apy (RT), chemotherapy for radiation sensitization,
and patient selection that can provide selected pa-
tients with an excellent chance for long-term sur-
vival with an intact, functioning bladder. The

hallmarks of modern bladder-preserving therapy
include combined-modality therapy (CMT) with
maximal transurethral resection of bladder tumor
(TURBT), RT, and concurrent chemotherapy; cys-
toscopic assessment of response to therapy with
prompt salvage RC for nonresponders; and careful
follow-up with cystoscopic surveillance and prompt
RC for invasive recurrence. Successive Radiation
Therapy Oncology Group (RTOG) studies have
demonstrated that this bladder-preserving CMT
approach in patients presenting with MIBC can
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achieve high rates of complete tumor response, bladder preservation
in the majority of patients, and survival rates similar to those seen in
contemporary RC series.1-8 Contemporary bladder-preserving ap-
proaches in patients with clinically staged MIBC can achieve com-
plete response (CR) rates of 60% to 80%, 5-year disease-specific
survival (DSS) rates of 60% to 70%, and bladder intact survival
rates of 40% to 45%.9,10

The long-term, 10-year results of CMT have been reported from
several single-institution series including from the Massachusetts
General Hospital (MGH; Boston, MA) and University of Erlangen
(Erlangen, Germany).9-12 Long-term follow-up of 348 patients with
MIBC treated with chemotherapy and RT in 1986 to 2002 at MGH
showed 10- and 15-year DSS rates of 59% and 57%, respectively, and
10- and 15-year OS rates of 35% and 22%, respectively. The University
of Erlangen reported on 415 patients treated from 1982 to 2000 and
demonstrated a 10-year DSS rate of 42%, with 80% of surviving
patients preserving their bladders. Long-term follow-up of CMT in a
pooled analysis of patients from RTOG bladder-preservation studies
demonstrated a low incidence of late pelvic toxicity in patients retain-
ing their bladder.13

However, the long-term outcomes of bladder-preserving CMT
for MIBC, including OS, DSS, and long-term bladder-preservation
rates, have not been examined in the multi-institutional setting. Here,
we report a pooled secondary analysis of the long-term outcomes of
patients who received bladder-preserving CMT in six RTOG studies.

PATIENTS AND METHODS

Data and outcomes of 468 patients with MIBC enrolled onto six RTOG
bladder-preservation studies were pooled, including five phase II stud-
ies (RTOG 8802, 9506, 9706, 9906, and 0233) and one phase III study
(RTOG 8903; Appendix Table A1, online only). Eligibility criteria for
these trials have been previously described but included clinical T2-4a
stage and excluded patients with biopsy-proven nodal disease or metastatic
disease. Trials subsequent to RTOG 8802 and RTOG 8903 excluded pa-
tients with hydronephrosis.

RTOG Trials in the Pooled Analysis

RTOG 8802. This phase II trial enrolled 90 eligible patients from
1988 to 1990 who received two cycles of neoadjuvant methotrexate (30
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Concurrent cisplatin + 39.6 Gy
Eligible (n = 62)

TURBT TURBT

Fig 1. CONSORT diagram of Radiation Therapy Oncology Group protocol 8903. MCV, methotrexate, cisplatin, and vinblastine; TURBT, transurethral resection of
bladder tumor. Data adapted.15
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mg/m2), cisplatin (70 mg/m2), and vinblastine (3 mg/m2; MCV) followed
by once-daily RT to 39.6 Gy with concurrent cisplatin (70 mg/m2 every 3
weeks).14 The RT consisted of a small pelvic four-field technique (similar
for all protocols), encompassing the whole bladder, bladder tumor, pros-
tate (in men), and adjacent pelvic lymph nodes.

RTOG 8903. This phase III trial randomly assigned 123 eligible patients
from 1990 to 1993 at 37 centers to two cycles of neoadjuvant MCV versus no
MCV, followed by once-daily pelvic RT to 39.6 Gy and two cycles of concur-
rent cisplatin (100 mg/m2 every 3 weeks; Fig 1).15 Patients with a CR on
rebiopsy after 39.6 Gy or RT received consolidation therapy with 25.2 Gy of RT
(total dose, 64.8 Gy) and one additional cycle of cisplatin.

RTOG 9506. This phase I/II trial enrolled 34 eligible patients from 1995
to 1997 at 11 institutions. After TURBT, patients received induction acceler-
ated hypofractionated (3 Gy per fraction) twice-daily RT to the pelvis (24 Gy)
with concurrent cisplatin (15 mg/m2 on days 1 through 3 and 15 through 17)
and fluorouracil (FU; 400 mg/m2 on days 1 through 3 and 15 through 17).
Patients with a CR received twice-daily RT (2.5 Gy per fraction) to the whole
bladder and the bladder tumor (total dose, 44 Gy to bladder and tumor and 24
Gy to pelvic lymph nodes) with concurrent FU/cisplatin.16

RTOG 9706. ThisphaseI/IIstudyenrolled47eligiblepatients from1997to
1999 at 17 institutions. After TURBT, patients received induction twice-daily RT
with 1.8 Gy to the pelvis in the morning and 1.6 Gy to the bladder tumor in the
afternoon for 13 days (40.8 Gy to bladder tumor and 21.6 Gy to the pelvis) with
concurrentweeklycisplatin(20mg/m2first2daysperweek).PatientswithaCRon
rebiopsy after 41.6 Gy of RT received twice-daily RT (1.5 Gy per fraction) given to
eachsite for8days(totaldose,45.6Gytopelvisandbladderand64.8Gytobladder
tumor) with weekly cisplatin.17

RTOG 9906. This phase I/II trial enrolled 81 eligible patients from 1999
to 2002 at 26 institutions. After TURBT, patients underwent induction twice-

daily accelerated RT over 13 days, including 1.6 Gy to the pelvis in the morn-
ing, and 1.5 Gy to the bladder for the first 5 days (7.5 Gy) and then 1.5 Gy to the
tumor for the next 8 days (12.0 Gy) in the afternoons (total dose, 20.8 Gy to
pelvis, 28.3 Gy to whole bladder, and 40.3 Gy to bladder tumor) with concur-
rent weekly cisplatin (20 mg/m2 2 days a week) and paclitaxel (50 mg/m2 per
week). Patients with a CR on rebiopsy after 40.3 Gy of RT received 1.5-Gy
twice-daily pelvic RT to a dose of 24 Gy (total dose, 64.3 Gy to the bladder
tumor and 44.8 Gy to the pelvis) with concurrent weekly cisplatin/paclitaxel.
Patients then received four cycles of adjuvant cisplatin (70 mg/m2) and gem-
citabine (1,000 mg/m2).18

RTOG 0233. This phase II randomized trial enrolled 93 eligible patients
from 2003 to 2007 at 24 institutions (Fig 2).19 After TURBT, patients received
twice-daily RT, as in RTOG 9906, and were randomly assigned to either
concurrent paclitaxel (50 mg/m2 per week) plus cisplatin (15 mg/m2 3 days per
week; n � 46) or FU (500 mg/m2 2 days per alternate week) plus cisplatin (n �
47) during the induction and consolidation phases followed by adjuvant
gemcitabine/paclitaxel/cisplatin.

Criteria for CR and Follow-Up

Clinical CR was defined as no tumor palpable on bimanual examina-
tion under anesthesia, no tumor visible on cystoscopy, negative tumor site
biopsy, and negative urine cytology. Patients with preserved bladders
underwent routine active surveillance including cystoscopy, tumor site
biopsy, bimanual examination under anesthesia, and urine cytology every
3 months for the first year, and then cystoscopy and cytology every 3 to 4
months during the second year, every 6 months for 3 years, and then
annually. Patients with non–muscle-invasive local failure (LF) were
promptly considered for intravesical therapy, and patients with a muscle-
invasive LF underwent salvage RC.
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Randomly assigned to paclitaxel group
(n = 46)

Randomly assigned to fluorouracil group
(n = 47)

T0, Ta, or Tcis
(n = 40)

Unknown T
(n = 3)
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(n = 2)
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(n = 37)
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(n = 3)
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(n = 5)

Did not receive treatment (n = 2; one in each group)
)puorg hcae ni eno ;2 = n( dedulcxE

  Did not start treatment within 8 weeks of TURBT (n = 1)
  Did not meet inclusion due to laboratory values (n = 1)

Consolidation chemoradiation (n = 37)
  Received adjuvant chemotherapy (n = 30)
  Did not receive adjuvant chemotherapy (n = 7)
Did not receive consolidation chemoradiation (n = 3)
  Received adjuvant chemotherapy (n = 2)
  Did not receive adjuvant chemotherapy (n = 1)

Consolidation chemoradiation (n = 36)
  Received adjuvant chemotherapy (n = 24)
  Did not receive adjuvant chemotherapy (n = 12)
Did not receive consolidation chemoradiation (n = 1)
  Received adjuvant chemotherapy (n = 1)

)2 = n( ymotcetsyc lacidaR
)1 = n( yparehtomehc tnavujdA  

  No adjuvant chemotherapy (n = 1)

)3 = n( ymotcetsyc lacidaR
)1 = n( yparehtomehc tnavujdA  

  No adjuvant chemotherapy (n = 2)
)2 = n( ymotcetsyc lacidar oN

  No adjuvant chemotherapy (n = 2)

Completed induction chemoradiation
(n = 45)

Completed induction chemoradiation
(n = 45)

Fig 2. CONSORT diagram of Radiation Therapy Oncology Group protocol 0233. MCV, methotrexate, cisplatin, and vinblastine; TURBT, transurethral resection of
bladder tumor. Data adapted.19
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End Points

All end points were measured from the date of study entry (phase II
studies) or random assignment (phase III study) to the date of first docu-
mented event. For overall survival (OS) and DSS, survival time was measured
to date of death (as a result of any cause) or death from disease, respectively.
Time to LF was measured to the date of documented tumor recurrence after
CR or to the date of 1 day after study entry/random assignment in patients who
did not achieve CR. LF after a CR to induction CMT was examined in the
following two subcategories: muscle-invasive and non–muscle-invasive LF.
Nodal recurrence was defined as documented presence or progression of
regional (pelvic) nodes. Time to distant metastasis (DM) was defined
by the date of first documented DM. Time to bladder-intact disease-
free survival was defined as time to the earliest of muscle-invasive local
recurrence in the bladder, regional pelvic recurrence, DM, bladder
cancer–related death, or cystectomy.

Statistical Analyses

OS and bladder-intact disease-free survival were estimated using the
Kaplan-Meier method.20 LF, nodal recurrences, DM, and DSS were estimated
using cumulative incidence methodology.21 Fine and Gray’s proportional
hazards regression model was performed to identify clinical variables associ-
ated with DSS. The following covariates were included in the multiple regres-
sion model: age, sex, T stage (T2 v T3/T4a), histology (urothelial carcinoma v
other), tumor grade (low grade v high grade), presence of hydronephrosis, and
whether the TURBT was visibly complete or not. All statistical comparisons
were two-sided, and P � .05 was considered statistically significant. SAS
software (SAS Institute, Cary, NC) was used for all analyses, except for the Fine
and Gray’s modeling, which was done in R (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Patients

From 1988 to 2007, 468 eligible patients were enrolled onto these
successive RTOG protocols. Patient and tumor characteristics are
listed in Table 1.

Long-Term Outcomes

A CR to induction chemotherapy and RT occurred in 69% of
patients (321 of 468 patients). With a median follow-up of 4.3 years
among all patients and 7.8 years among patients alive at the time of this
analysis (n � 205), the 5- and 10-year OS rates were 57% and 36%,
respectively (Fig 3A). The 5- and 10-year DSS rates were 71% and
65%, respectively (Fig 3B; Table 2). Bladder cancer was the cause of
death in 24% of patients who had died by 5 years (n � 191). Of the 205
patients alive at 5 years, 80% had an intact bladder.

The 5- and 10-year LF estimates were 43% and 48%, respectively,
and the majority of LFs were non–muscle-invasive LFs instead of
muscle-invasive LF (Table 2). For all patients, including those with
and without salvage RC, the 5- and 10-year estimates of nodal recur-
rence were 13% and 16%, respectively. The 5- and 10-year DM esti-
mates were 31% and 35%, respectively. The long-term outcomes by
trial are listed in Appendix Table A2 (online only).

Outcomes by Response

In patients with a CR after induction CMT, DSS was significantly
higher than in patients who did not have a CR (5-year DSS, 79% v
56%, respectively; 10-year DSS, 74% v 47%, respectively; P � .001; Fig
3E). The 5- and 10-year OS rates for patients with a CR were 65% and
43%, respectively, compared with 44% and 25%, respectively, in pa-
tients who did not have a CR.

Outcomes in Patients Undergoing Cystectomy

One hundred patients (21%) enrolled onto the six trials ulti-
mately underwent cystectomy; 62% underwent immediate cystec-
tomy for incomplete response to induction chemotherapy and RT,
36% underwent salvage cystectomy after CMT for recurrences de-
tected in follow-up, and 2% underwent cystectomy for other causes.
The absolute incidence of nodal recurrence was 22% after any
cystectomy (n � 22), 27% after immediate cystectomy (n � 17),
and 14% after salvage cystectomy (n � 5). Among patients under-
going cystectomy, the 5- and 10-year OS rates were 45% and 18%,
respectively, whereas the 5- and 10-year DSS rates were 60% and
47%, respectively.

Subgroup and Multivariable Analyses

On univariable analysis, higher T stage and presence of hydrone-
phrosis were associated with decreased DSS, and a visibly complete
TURBT was associated with increased DSS, but not on multivariable
analysis (Table 3). On univariable analysis, higher T stage, hydrone-
phrosis, older age, and less than visibly complete TURBT were associ-
ated with decreased OS, but only age was associated with OS on
multivariable analysis (Table 4). Visibly complete TURBT was associ-
ated with a higher CR rate to treatment in both univariable and
multivariable analysis (Table 5).

Table 1. Patient Demographic and Clinical Characteristics

Characteristic No. of Patients (N � 468) %

Age, years
Median 66
Range 34-93
� 70 300 64.1
70-75 88 18.8
� 75 80 17.1

Zubrod score
0 417 89.1
1 51 10.9

Sex
Male 386 82.5
Female 82 17.5

Race
White 358 76.5
Hispanic or Latino 10 2.1
Black or African American 11 2.4
Asian 87 18.6
Unknown 2 0.4

Histology
Urothelial 439 94.2
Squamous 6 1.3
Adenocarcinoma 5 1.1
Other 16 3.4

Clinical T stage
T2 283 60.6
T3 1 0.2
T3a 136 29.1
T3b 29 6.2
T4a 18 3.9

Hydronephrosis
Yes 40 10.6
No 337 89.4

Mak et al
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Examining outcomes by subgroups, higher clinical T stage (T2 v
T3/T4) was associated with decreased OS (5-year OS, 62% v 49%,
respectively; 10-year OS, 41% v 30%, respectively; P � .002; Fig 3C)
and DSS (5-year DSS, 74% v 66%, respectively; 10-year DSS, 69% v

60%, respectively; P � .05; Fig 3D). Analyzing outcomes by age,
elderly patients (age � 75 years) completed induction chemotherapy
and RT less frequently than younger patients (age � 75 years; 78% v
88%, respectively; P � .028), but there was no difference in receiving
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Table 2. Pooled Long-Term Outcomes

Outcome
No. of

Patients

5 Years 10 Years

Estimate
(%)

95% CI
(%)

No. of Patients
at Risk

Estimate
(%)

95% CI
(%)

No. of Patients
at Risk

Local failure, any 212 43 39 to 48 148 48 43 to 53 39
Local failure, muscle invasive 56 13 10 to 17 191 14 10 to 17 52
Local failure, non–muscle invasive 156 31 27 to 36 162 36 32 to 41 44
Nodal recurrence 66 13 10 to 16 199 16 12 to 19 54
Distant metastases 153 31 27 to 36 188 35 30 to 39 53
Disease-specific survival 150 71 67 to 75 205 65 61 to 70 57
Bladder-intact disease-free survival 282 56 51 to 61 173 55 50 to 60 45
Overall survival 262 57 52 to 61 205 36 31 to 42 57

Pooled Analysis of RTOG Bladder-Preservation Trials

www.jco.org © 2014 by American Society of Clinical Oncology 3805



more than 60 Gy of RT by age group (67% v 71%, respectively; P � .42).
Between elderly and younger patients, there was no difference in CR rates
(72%v73%,respectively;P� .78)andDSSrates(5-yearDSS,71%v70%,
respectively; 10-year DSS, 64% v 65%, respectively; P � .84; Fig 3F).

Among elderly survivors at 5 years (n � 22), 76% had an intact bladder,
which was not significantly different than younger patients (81%; P �
.55). Bladder cancer was the cause of death at 5 years in 16% of elderly
patients compared with 26% of younger patients (P � .29).

Table 3. Regression Model of Variables Associated With Disease-Specific Survival

Variable
No. of

Patients
No. of Bladder

Deaths

Univariable Regression Model Multiple Regression Model�

Hazard
Ratio 95% CI P

Hazard Ratio
(adjusted) 95% CI P

Age, years 377 114 1.01 0.99 to 1.03 .46 1.01 0.99 to 1.03 .39
Sex

Male (RL) 312 91 1.24 0.78 to 1.96 .36 1.31 0.81 to 2.11 .27
Female 65 23

T stage
T2 (RL) 232 59 1.73 1.20 to 2.49 .0035 1.45 0.97 to 2.18 .071
T3/T4a 145 55

Histology
Urothelial (RL) 356 108 1.03 0.45 to 2.35 .95 0.85 0.39 to 1.86 .690
Squamous/adenocarcinoma/other 21 6

Tumor grade†
Low grade (RL) 55 20 0.75 0.48 to 1.26 .30 0.57 0.53 to 1.44 .59
High grade 322 94

Presence of hydronephrosis
No (RL) 337 96 1.97 1.19 to 3.24 .0081 1.70 0.99 to 2.91 .052
Yes 40 18

Visibly complete TURBT
Yes (RL) 331 95 1.79 1.07 to 2.97 .025 1.50 0.88 to 2.56 .14
No 46 19

NOTE. Of 468 patients in the study, this analysis excluded 91 patients with missing data on tumor grade and/or whether the TURBT was visibly complete or not.
Abbreviations: RL, reference level; TURBT, transurethral resection of bladder tumor.
�Multiple regression model, adjusted for all factors.
†Institutional grade.

Table 4. Regression Model of Variables Associated With Overall Survival

Variable
No. of

Patients
No. of
Deaths

Univariable Regression Model Multiple Regression Model�

Hazard
Ratio 95% CI P

Hazard Ratio
(adjusted) 95% CI P

Age, years 377 206 1.02 1.01 to 1.04 .0048 1.02 1.01 to 1.04 .0056
Sex

Male (RL) 312 172 0.95 0.66 to 1.38 .80 1.03 0.71 to 1.50 .87
Female 65 34

T stage
T2 (RL) 232 106 1.45 1.10 to 1.92 .0078 1.29 0.96 to 1.74 .10
T3/T4a 145 100

Histology
Urothelial (RL) 356 191 1.40 0.83 to 2.37 .21 1.23 0.72 to 2.10 .45
Squamous/adenocarcinoma/other 21 15

Tumor grade†
Low grade (RL) 55 33 0.93 0.64 to 1.35 .70 0.94 0.64 to 1.36 .73
High grade 322 173

Presence of hydronephrosis
No (RL) 337 179 1.52 1.01 to 2.28 .0450 1.41 0.92 to 2.16 .12
Yes 40 27

Visibly complete TURBT
Yes (RL) 331 172 1.38 0.95 to 2.00 .09 1.21 0.82 to 1.79 .33
No 46 34

NOTE. Of 468 patients in the study, this analysis excluded 91 patients with missing data on tumor grade and/or whether the TURBT was visibly complete or not.
Abbreviations: RL, reference level; TURBT, transurethral resection of bladder tumor.
�Multiple regression model, adjusted for all factors.
†Institutional grade.
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DISCUSSION

In this RTOG pooled analysis of long-term outcomes of selective
bladder-preserving CMT in the multi-institutional setting, we dem-
onstrate that this treatment approach results in low rates of invasive
tumor recurrence (10-year invasive LF, 14%) and high long-term DSS
(5- and 10-year DSS, 71% and 65%, respectively) and OS (5- and
10-year OS, 57% and 36%, respectively), with 80% of patients retain-
ing an intact bladder at 5 years. This study provides a unique insight
into the outcomes of the bladder-preserving CMT approach over two
decades in the multi-institutional setting with one of the largest co-
horts of patients reported to date.

Our findings build on decades of experience with bladder-
preservation approaches involving more than 1,000 patients treated in
single institutions and cooperative groups in North America and
Europe. The MGH and Erlangen series demonstrated 5-year OS rates
of 52% and 45%, 10-year OS rates of 35% and 29%,9-12 5-year DSS
rates of 63% and 56%, and 10-year DSS rates of 59% and 42%,
respectively, which are comparable to the results observed in this
pooled analysis.

Although our study demonstrates excellent long-term cancer
control, bladder-preserving CMT has not been routinely adopted
because of concerns including long-term toxicity from radiation to the
bladder and the feasibility and curability of salvage cystectomy in
patients with local recurrences. First, although we do not report tox-
icity outcomes in this study, previously reported long-term toxicity
data from patients enrolled onto RTOG studies13 and studies from
other centers22-25 have demonstrated a low risk of toxicity and good
quality-of-life outcomes with preservation of a functional bladder.

Second, we found in this study that patients who ultimately required
salvage cystectomy for nonresponse to CMT or recurrent disease still
had a 5-year DSS of 60% and 10-year DSS of 47%. Combined with
recent data showing that the risk of complications from RC after CMT
(16% incidence of major complications within 90 days) is acceptable
compared with upfront RC,26 bladder-preserving CMT is a reason-
able alternative treatment in selected patients.

Although there are no randomized studies comparing RC with
bladder-preserving CMT and any direct comparison is difficult be-
cause of selection bias and confounding from discordance between
clinical and pathologic staging,27 the 5- and 10-year OS and DSS rates
in contemporary RC series of clinically staged patients with T2-4a
MIBC are comparable to those seen in this study and other bladder-
preserving studies.1-8 Although organ-conserving approaches with
CMT have become adopted for anal cancer and head and neck can-
cers, the general acceptance and adoption of bladder-preserving ther-
apy for MIBC have been met with resistance. It is unlikely that a
randomized trial comparing RC versus bladder-preserving CMT will
be completed, given the recent failure of the United Kingdom Selective
Bladder Preservation Against Radical Excision trial to accrue.28 Thus,
the results of this pooled analysis provide a unique insight into the
efficacy of the RTOG bladder-preserving CMT approach and serve as
a useful benchmark for future bladder-preserving approaches.

Regarding patterns of failure observed in this pooled analysis, the
majority of LFs were non–muscle invasive. With more than 7 years of
follow-up in survivors, the majority of muscle-invasive and meta-
static failures occurred within 5 years, and such recurrences
beyond 5 years were uncommon. However, the 10-year non–
muscle-invasive recurrence rate was 36%, underscoring the

Table 5. Regression Model of Variables Associated With Complete Response to Induction Chemoradiation

Variable
No. of

Patients
No. of Complete

Responses

Univariable Regression Model Multiple Regression Model�

Odds
Ratio 95% CI P

Odds Ratio
(adjusted) 95% CI P

Age, years 361 257 1.02 0.99 to 1.04 .105 1.02 0.99 to 1.04 .11
Sex

Male (RL) 300 217 0.73 0.41 to 1.31 .29 0.75 0.41 to 1.38 .36
Female 61 40

T stage
T2 (RL) 226 167 0.71 0.44 to 1.12 .14 0.81 0.48 to 1.37 .44
T3/T4a 135 90

Histology
Urothelial (RL) 341 241 1.66 0.54 to 5.08 .38 1.98 0.63 to 6.23 .24
Squamous/adenocarcinoma/other 20 16

Tumor grade†
Low grade (RL) 54 36 1.29 0.69 to 2.38 .43 1.24 0.65 to 2.35 .51
High grade 307 221

Presence of hydronephrosis
No (RL) 322 232 0.69 0.34 to 1.39 .30 0.83 0.39 to 1.80 .64
Yes 39 25

Visibly complete TURBT
Yes (RL) 318 233 0.46 0.24 to 0.88 .020 0.49 0.25 to 0.96 .04
No 43 24

NOTE. Of 468 patients in the study, this analysis excluded 91 patients with missing data on tumor grade and/or whether the TURBT was visibly complete or not
and 16 patients without assessment of response after chemoradiation.
Abbreviations: RL, reference level; TURBT, transurethral resection of bladder tumor.
�Multiple regression model, adjusted for all factors.
†Institutional grade.
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importance of close surveillance with routine cystoscopy and treat-
ment if indicated after CMT. Such long-term outcome data from these
RTOG studies are important in establishing selective bladder-preserving
CMT as a safe and effective alternative to cystectomy.29 Although concur-
rentchemotherapywasusedinallof theseRTOGstudiesandmanyofthe
studies included neoadjuvant or adjuvant cisplatin-based chemotherapy,
DM remained a substantial problem (10-year estimate, 35%), which
underscores the need for continued refinement of the CMT approach
by incorporating new, efficacious systemic therapies with lower toxic-
ity profiles.

This pooled analysis allowed the comparison of outcomes by
subgroups, which is of interest in a relatively rare disease. Elderly
patients (age � 75 years) had similar incidences of completion of RT
greater than 60 Gy, bladder preservation, and DSS compared with
younger patients, demonstrating that this potentially curative CMT
should be considered for elderly patients who may not be eligible for
surgery and have historically had limited treatment options. In addi-
tion, higher clinical T stage (T2 v T3/4) and presence of hydronephro-
sis were associated with decreased DSS, whereas visibly complete
TURBT was associated with increased DSS on univariable analysis;
these are associations that have been observed in other large series.9-11

A visibly complete TURBT was associated with higher CR rate on both
univariable and multivariable analysis, and thus, we recommend an
aggressive, visibly complete TURBT when feasible. However, the in-
ability to perform a complete TURBT should not preclude an attempt
at bladder preservation, because our study demonstrates that more
than 50% of patients with an incomplete TURBT can still have a
postinduction CR. Finally, our study again demonstrated that hydro-
nephrosis is associated with worse outcomes with CMT, as it is with
RC, and remains a relative contraindication to bladder-preserving
CMT in RTOG studies.

As a pooled analysis, this study is not powered to compare the
different CMT approaches in each trial. Given the difficulties in accru-
ing large numbers of patients to bladder-preservation trials, random-
ized trials to compare CMT regimens will likely be difficult to
complete. Thus, the current approach of the RTOG to systematically
refine the bladder-preserving CMT approach with successive phase II
trials testing new regimens will lead to the continued evolution of
CMT.30 Although the optimal bladder-preserving regimen continues
to evolve, common contemporary approaches include the RTOG
approaches of concurrent chemotherapy with cisplatin/FU or RT-

sensitizing low-dose gemcitabine. Recent results from a United King-
dom bladder-preservation trial demonstrated that a regimen of
concurrent FU (500 mg/m2 continuous infusion, days 1 through 5 and
16 through 20) and mitomycin (12 mg/m2, day 1 only) also resulted in
high response rates, bladder preservation, and OS31 and provides an
additional chemotherapy option for patients who are unable to toler-
ate platinum or gemcitabine.

In conclusion, over several decades, the RTOG has refined the
CMT approach by improving patient selection, RT techniques, and
chemotherapeutics. This pooled analysis of RTOG trials of bladder-
preserving CMT for MIBC demonstrates long-term outcomes similar
to cystectomy. Thus, bladder-preserving CMT has become a safe,
tested, efficacious alternative to RC in selected patients with MIBC
who desire to keep their bladders. For patients with MIBC who are
noncystectomy candidates or for select patients who are motivated to
keep their native bladders, bladder-preserving CMT has been recognized
recently in the guidelines by the International Consultation on Urological
Diseases–European Association of Urology29 and by the National Com-
prehensive Cancer Center Network32 as an effective alternative to RC and
should be considered for these patients with MIBC. Future work will
continue within the RTOG and other groups to refine the bladder-
preserving approach by developing new RT sensitizers33 and identifying
predictive biomarkers34 to further improve outcomes.
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Appendix

Table A1. Overview of RTOG Bladder-Preserving Combined-Modality Therapy Trials for Muscle-Invasive Bladder Cancer

RTOG Protocol Neoadjuvant Chemotherapy ChemoRT� Adjuvant Chemotherapy No. of Eligible Patients

8802 2 cycles MCV Cisplatin � RT None 90
8903

Arm 1 2 cycles MCV Cisplatin � RT None 61
Arm 2 None Cisplatin � RT None 62

9506 None Cisplatin/FU � RT None 34
9706 None Cisplatin/FU � BID RT MCV 47
9906 None Cisplatin/paclitaxel � BID RT Cisplatin/gemcitabine 81
0233

Arm 1 None Cisplatin/paclitaxel � BID RT Cisplatin/paclitaxel/gemcitabine 46
Arm 2 None Cisplatin/FU � BID RT 47

Abbreviations: BID, twice a day; ChemoRT, concurrent chemotherapy and radiation; FU, fluorouracil; MCV, methotrexate, cisplatin, and vinblastine; RT, radiation
therapy; RTOG, Radiation Therapy Oncology Group.

�Consolidation if complete response after induction chemotherapy and RT; cystectomy if incomplete response.

Table A2. Long-Term Outcomes by Trial

Trial
No. of

Patients
Follow-Up

(years)

Any LF (%) MI-LF (%) NMI-LF (%) DM (%) OS (%) DSS (%)

5
Years

10
Years

5
Years

10
Years

5
Years

10
Years

5
Years

10
Years

5
Years

10
Years

5
Years

10
Years

RTOG 8802 90 5.20 39 53 10 10 28 39 25 31 57 37 71 62
RTOG 8903

Arm 1 61 5 40 40 19 19 19 19 32 32 47 20 68 63
Arm 2 62 6 48 48 6 6 41 41 40 46 48 29 66 63

RTOG 9506 34 6.8 42 42 9 9 32 32 35 35 53 38 62 62
RTOG 9706 47 6.2 48 55 16 16 32 37 38 43 57 36 64 53
RTOG 9906 81 6.1 48 59 14 17 35 45 34 35 58 48 74 71
RTOG 0233

Arm 1 46 3.1 48 11 40 29 66 70
Arm 2 47 2.9 53 28 27 21 74 89

Abbreviations: DM, distant metastasis; DSS, disease-specific survival; LF, local failure; MI, muscle invasive; NMI, non–muscle invasive; OS, overall survival; RTOG,
Radiation Therapy Oncology Group.
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